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ULTRAH1GH-PURITY COPPER AND PROCESS FOR PRODUCING THE SAME 
TECHNICAL FIELD 

The present invention relates to ultrahigh purity copper having a purity of 8N 
(99.999999wt%) or higher and the manufacturing method thereof in which a single 
electrolytic vessel is used to perform the dissolution and extraction of raw material copper. 

BACKGROUND ART 

High purity copper is characterized in that the recrystallization temperature is low and 
it is soft, there is hardly any brittleness in the intermediate temperature range and it has 
favorable workability, the electrical resistance is small at ultracold temperatures and it has 
high thermal conductivity, and also characterized in that it is subject to great influence from 
improved characteristics due to addition of infinitesimal quantity of elements or impurity 
contamination. 

High purity copper is widely used as various electronic component materials and 
semiconductor device materials by utilizing the foregoing characteristics. In particular, when 
using a sputtering target to form a high purity copper thin film, stability of the deposition 
characteristics and deposition conditions depend largely on the purity of the target, and the 
high purification of target materials is strongly demanded. 

As conventional technology, there are disclosed ultrahigh purity copper having a 
purity of 99.99999%(7N) or higher in which the elongation at room temperature is 30% or 
higher and the Vickers hardness is 42 or less (for instance, refer to Patent Document 1), a 
manufacturing method of high RRR (residual resistance ratio) copper material in which a 
copper material having a purity of 99.999% or higher is heated at 650 to 800°C in an inert gas 
atmosphere for at least 30 minutes or longer (for instance, refer to Patent Document 2), and a 



method of evaluating the purity of copper by measuring the residual resistance ratio of copper 
having a purity of 99.999wt% or higher and creating in advance an analytical curve between 
such residual resistance ratio and purity, measuring the residual resistance ratio of copper 
subject to purity evaluation, and measuring the purity of copper using the analytical curve 
5 based on the measurement results (for instance, refer to Patent Document 3) . 

Further disclosed are a superconducting copper material formed from high purity 
copper containing silver in an amount of 1ppm or less and sulfur in an amount of 0.5ppm or 
less (for instance, refer to Patent Document 4), and a manufacturing method of monocrystal 
copper in which high purity copper having a purity of 6N (99.9999%) or higher containing Ag 
10 in the range of 2 to 50ppm is placed in a mold and extracted at a casting speed of 
50mm/minute or slower (for instance, refer to Patent Document 5). 

[Patent Document 1] Japanese Patent Laid-Open Publication No. H2-1 85990 
[Patent Document 2] Japanese Patent Laid-Open Publication No. H4-224662 
1 5 [Patent Document 3] Japanese Patent Laid-Open Publication No. H3-20656 
[Patent Document 4] Japanese Patent Laid-Open Publication No. S64-56399 
[Patent Document 5] Japanese Patent Laid-Open Publication No. H5-309448 

DISCLOSURE OF THE INVENTION 

20 

An object of the present invention is to provide technology for efficiently 
manufacturing ultrahigh purity copper having a purity of 8N (99.999999wt%) or higher from a 
copper raw material containing large amounts of impurities by performing electrolysis with a 
copper-containing solution, and to provide ultrahigh purity copper obtained thereby. 
25 In order to overcome the foregoing conventional problems, on the premise that high 

purification is to be performed by electrolytic winning or electrolytic refining, the present 
inventors discovered that it is possible to efficiently manufacture ultrahigh purity copper by 
removing impurities from anolyte of a copper-containing solution by performing active carbon 
treatment, and by using the high purity copper solution from which the impurities have been 



2 



removed as a catholyte. 

Based on the foregoing discovery, the present invention provides 1) ultrahigh purity 
copper having a residual resistance ratio of 38,000 or greater and a purity of 8N or higher 
(excluding gas components of 0, C, N, H, S and P); and 2) the ultrahigh purity copper 
5 according to 1) above, wherein the respective elements of 0, C, N, H, S and P as gas 
components are 1 ppm or less. 

The present invention also provides 3) a manufacturing method of ultrahigh purity 
copper, wherein, upon subjecting copper to high purification with the electrolytic method, an 
anode and a cathode are partitioned with an anion exchange membrane, an anolyte is 

10 intermittently or continuously extracted, active carbon is poured in and agitated so as to 
adsorb the impurities, and the obtained high purity copper electrolytic solution is intermittently 
or continuously introduced into the cathode side and electrolyzed; and 4) a manufacturing 
method of the ultrahigh purity copper according to 1) or 2) above, wherein, upon subjecting 
copper to high purification with the electrolytic method, an anode and a cathode are 

15 partitioned with an anion exchange membrane, an anolyte is intermittently or continuously 
extracted, active carbon is poured in and agitated so as to adsorb the impurities, and the 
obtained high purity copper electrolytic solution is intermittently or continuously introduced into 
the cathode side and electrolyzed. 

20 [Effect of the Invention] 

As described above, on the premise that high purification is to be performed by 
electrolytic winning or electrolytic refining, the present invention yields a superior effect in that 
it is possible to efficiently manufacture ultrahigh purity copper having a purity of 8N 
(99.999999wt%) or higher from a copper raw material containing large amounts of impurities 

25 by removing the impurities contained in the electrolytic solution by performing active carbon 
treatment to anolyte of a copper-containing solution, and by using the high purity copper 
solution from which the impurities have been removed as a catholyte. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
A commercially available copper raw material having a purity level of 2N to 4N was 
used as an anode, and a cathode was used to perform electrolysis. The copper raw 
material primarily contains large amounts of silver, selenium and other elements. 
5 It is desirable to use an acidic solution that does not contain S as the electrolytic 

solution, and specifically nitric acid, hydrochloric acid or the like is used. The raw material 
copper is dissolved in the electrolytic solution by the anode (so as to form anolyte). 

The foregoing anode and cathode are partitioned with an ion exchange membrane, 
and the anolyte is intermittently or continuously extracted. The catholyte is separated from 
10 the outside solution (anolyte) via the ion exchange membrane. There is no particular 
limitation on the ion exchange membrane so as long as it is a membrane that does not allow 
the Cu ion to pass through. 

Active carbon is added to the extracted anolyte and agitated. The impurities in the 
solution will adsorb to the active carbon, and be removed from the solution through filtration. 
1 5 Here, impurities can be more effectively removed by adding a solution containing chlorine ion. 
Solvent extraction and so on may also be performed as needed. 

The highly purified copper electrolytic solution from which the impurities have been 
removed is intermittently or continuously introduced into the cathode side, and used as 
catholyte to perform electrolytic winning. 
20 As a result, it is possible to obtain electrodeposited copper (deposited to the cathode) 

having a purity of 8N. In other words, this copper has a purity level of 8N (99.999999wt%) 
or higher excluding gas components, and all metallic components as impurities can be made 
to be 0.01 wtppm or less. 

Further, the electrodeposited copper obtained via electrolysis can be further subject to 
25 vacuum melting such as electron beam melting. As a result of such vacuum melting, alkali 
metals such as Na and K and other volatile impurities and gas components such as CI can 
be effectively removed. Gas components can be further reduced by performing degassing 
with reducing gas as needed. 
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[Examples] 

Examples of the present invention are now explained. These Examples merely 
illustrate a preferred example, and the present invention shall in no way be limited thereby. 
In other words, all modifications, other embodiments and modes covered by the technical 
spirit of the present invention shall be included in this invention. 
(Example 1) 

50kg of aggregated copper raw material having a purity level of 4N was used as an 
anode, and a copper plate was used as a cathode to perform electrolysis. The impurity 
content of raw materials is shown in Table 1 . Incidentally, Table 1 also shows the impurity 
content of conventional 6N copper. 

The copper raw material primarily contains large amounts of selenium, silver, carbon, 
sulfur, chlorine and the like. For example, as shown in Table 1 , the copper raw material 
contains 3.1 wtppm of S, 7.8 wtppm of Ag, 7.6 wtppm of CI, and 3.2 wtppm of Se. 

Electrolysis was performed at a bath temperature of 30°C using a nitric acid 
electrolytic solution, pH of 1.3, and current density of 1A/dm 2 . At the initial stages of 
electrolysis, the Cu concentration at the anode side was 1 g/L or less. After the electrolysis, 
1 00L of Cu was extracted with the Cu concentration as 1 0Og/L. 



[Table 1] 



Impurity Element 


4N Copper 


6N Copper 


8 to 9N Copper 


Al 


0.2 


0.004 


<0.001 


S 


3.1 


<0.005 


<0.005 


CI 


7.6 


0.02 


<0.01 


Fe 


0.3 


0.002 


<0.001 


Ni 


0.1 


<0.001 


<0.001 


As 


1.0 


<0.005 


<0.005 


Se 


3.2 


<0.01 


<0.01 


Ag 


7.8 


0.25 


<0.005 


Sb 


0.3 


<0.005 


<0.005 


Pb 


0.2 


<0.001 


<0.001 


Bi 


2 


<0.001 


<0.001 


Si 


1.0 


0.05 


<0.01 


Cr 


2.1 


<0.005 


<0.005 


Co 


1.0 


0.007 


<0.005 


Na 


0.2 


<0.01 


<0.01 


K 


0.1 


<0.01 


<0.01 


Ti 


1.0 


0.03 


<0.01 


V 


0.1 


<0.001 


<0.001 


Ca 


0.1 


<0.001 


<0.001 


Mg 


0.2 


<0.001 


<0.001 


Zn 


0.5 


<0.01 


<0.01 


W 


2.1 


<0.09 


<0.001 


Residual Resistance 
Ratio 


200-500 


6000-10,000 


40,000-100,000 


Quality of Standard 
Thermometric Sample 


X 


O 


© 


Particle Amount 


large 


small 


smallest 



The extracted anolyte was introduced into an active carbon treatment vessel, and 
13mg of copper chloride was added. Thereafter, 30g/L of active carbon was added to 
remove the impurities. 

This solution was introduced into the cathode side to perform electrolytic winning. 
5 Roughly 8kg of Cu was obtained on the cathode side. This Cu was subject to vacuum 
melting at lO^Pa to obtain an ingot. A pole of 3mm angles x 100mm was cut out and 
annealed under H 2 atmosphere at 600°C for 2 hours. 

The residual resistance ratio of the pole was measured using the 4-terminal method. 
The result was 17/jQm at 293K and 4.25 x 10"VQ -m at4.2K, and the residual resistance 
1 0 ratio showed a value of 40,000. The impurity content of the ultrahigh purity copper obtained 
in the Examples is shown in Table 1 . 

In addition, as a result of using this material as the standard thermometric material, 
there was hardly any error even upon the use of such material 1 00 times. 
(Comparative Example 1) 
1 5 5kg of commercially available Cu having a purity level of 4N was used to repeat zone- 

melting/refining 20 times. As a result, the residual resistance ratio showed a value of 1 0,000, 
and, although high purity Cu was obtained, it took 20 days to obtain such high purity Cu. In 
addition, it did not satisfy the condition of the present invention where the residual resistance 
ratio is 38,000 or greater. 
20 (Comparative Example 2) 

5kg of commercially available Cu having a purity level of 4N was used as an anode to 
perform electrolysis in a nitric acid bath, and Cu electrodeposited to a cathode was used as 
an anode to perform electrolysis in a nitric acid bath. 

As a result, although it was possible to obtain 3.5kg of Cu in which the residual 
25 resistance ratio was 2.54 x 10^uQ - m at 4.2K showing a value of 6,700, this Cu did not 
satisfy the condition of the present invention where the residual resistance ratio is 38,000 or 
greater. 

(Comparative Example 3) 

As a result of measuring commercial available Cu having a purity of 4N as is, the 
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residual resistance ratio was 0.0425ju Q • m at 4.2K and showed a value of 400, and the result 
showed an extremely inferior value. 

Cu of foregoing Example 1, Comparative Example 1 and Comparative Example 2 
was used to examine the melting point. This was performed 5 times each. As a result, the 
error in Example 1 was ±0.1 °C. 

Meanwhile, the error in Comparative Example 1 was ±1°C, and the error in 
Comparative Example 2 was ±2°C. Further, the error in Comparative Example 3 was 
±1 0°C, and it has been confirmed that the influence of purity is significant. 

When using a sputtering target to form a high purity copper thin film, the deposition 
characteristics and deposition conditions stability depend largely on the purity of the target. 
In light of this point, a target was prepared using the ultrahigh purity copper obtained in 
Example 1 , and a conventional 4N copper target and 6N high purity copper target were 
prepared, and these were used to perform sputtering and the generation of particles at such 
time was measured. 

As a result, the generation of large amounts of particles was observed with the 4N 
copper target material, but only the generation of small amounts of particles was observed 
with the 6N high purity copper target. In addition, the target material of Example 1 showed 
the generation of the smallest amounts of particles. Accordingly, it has been confirmed that 
an ultrahigh purity copper target is superior in deposition characteristics. 

INDUSTRIAL APPLICABILITY 

As described above, on the premise that high purification is to be performed by 
electrolytic winning or electrolytic refining, it is possible to efficiently manufacture ultrahigh 
purity copper having a purity of 8N (99.999999wt%) or higher from a copper raw material 
containing large amounts of impurities by removing the impurities contained in the electrolytic 
solution by performing active carbon treatment to anolyte of a copper-containing solution, and 
using the high purity copper solution from which the impurities have been removed as a 
catholyte. This kind of ultrahigh purity copper can be widely applied as AV equipment cable 



conductors, IC bonding wires, LSI wiring materials, wiring or copper foils subject to repeated 
bending, superconducting stabilization copper, various electronic component materials of 
cryo equipment, semiconductor device materials, and so on. 



